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DRY MULTI-DISC CLUTCH 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present invention claims priority under 35 USC 119 based on Japanese patent 
application No. 2003-102203, filed April 4, 2 003. 

1. Field of the Invention 

[0002] The present invention relates to a dry multi-disc clutch for transmitting power from 
an engine or cutting off the transmission of the power. 

2. Description of the Background Art 

[0003] There has been known a dry multi-disc clutch that is arranged in the midst of the 
transmission of power from a crankshaft to wheels for transmitting the power or cutting off 
the transmission of the power (see Japanese Patent Publication 2864396 (page 6, Fig. 3), for 
example). 

[0004] Figure 3 of the above-mentioned publication is reproduced here and the 
above-mentioned technique is explained in conjunction with the drawing. However, symbols 
described in the publication are renumbered and names of parts described in the publication 
are partially changed. 

[0005] Figure 1 1 is a reproduced drawing of Fig. 3 of the Japanese Patent Publication 
2864396. A dry multi-disc clutch 220 is a clutch which is substantially constituted of a 
primary gear 222 which transmits power of a crankshaft 221, a clutch outer 223 which is in a 
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spline engagement with the primary gear 222, a plurality of drive-side friction discs 224 
which are engaged with the clutch outer 223, driven-side friction discs 225 which are 
alternately overlapped to these drive-side friction discs 224, a clutch center 226 with which 
the driven-side friction discs 225 are engaged, a main shaft 227 which is mounted on the 
clutch center 226, and a pressure plate 228 which enables the transmission of power from the 
clutch outer 223 to the clutch center 226 by pushing the drive-side friction discs 224 and the 
driven-side friction discs 225. 

[0006] However, in the above-mentioned dry multi-disc clutch 220, the friction heat which 
is generated when the drive-side friction discs 224 and the driven-side friction discs 225 are 
made to push each other using the pressure plate 228 and the heat transmitted from the engine 
(not shown in the drawing) are liable to be accumulated in the inside of the dry multi-disc 
clutch 220. That is, a technique that can efficiently radiate the friction heat generated by the 
dry multi-disc clutch 220 and the heat transmitted from the engine is required. 
[0007] Further, it is also desirable to sequentially discharge wear powder which is 
generated from the drive-side friction discs 224, the driven-side friction discs 225 and the 
like when the drive-side friction discs 224 and the driven-side friction discs 225 are pushed 
by the pressure plate 228 to the outside. 

[0008] Accordingly, it is an object of the present invention to provide a dry multi-disc clutch 
which can efficiently radiate the friction heat generated in the inside of the clutch and the heat 
transmitted from an engine and, at the same time, can discharge wear power which is 
generated in the inside of the clutch. 

SUMMARY OF THE INVENTION 
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[0009] To achieve the above-mentioned object, according to a first aspect of the present 
invention there is provided a dry multi-disc clutch in which a plurality of friction discs are 
interposed between a drive-side clutch outer and a driven-side clutch center and power is 
transmitted from the clutch outer to the clutch center by pushing the friction discs using a 
pressure plate, fins which enhance a flow of air are formed on at least one of the clutch outer 
and the pressure plate and passages which allow the communication of air are formed in the 
clutch outer and the pressure plate. 

[0010] Such a dry multi-disc clutch according to the invention because the efficient 
radiation of the friction heat which is generated when the clutch is connected, as well as the 
heat transmitted from the engine and, at the same time, the realization of discharge of wear 
powder which is generated when the clutch is connected are desirable in view of the 
stabilization of the clutch performance. 

[001 1] Accordingly, the fins which enhance the flow of air are formed on the clutch outer 
and/or the pressure plate and, at the same time, passages which allow the communication of 
air are formed in the clutch outer and the pressure plate. 

[0012] That is, by forming the fins which enhance the flow of air on the clutch outer and/or 
the pressure plate and, at the same time, by forming openings or passages which allow the 
communication of air in the clutch outer and the pressure plate, it is possible to efficiently 
radiate the friction heat which is generated when the clutch is connected and the heat 
transmitted from the engine and, at the same time, it is possible to discharge the wear powder 
which is generated when the clutch is connected. As a result, it is possible to stabilize the 
clutch performance. 

[0013] According to a second aspect of the present invention, the fins are formed on the 
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clutch outer. By forming the fins on the clutch outer, it is possible to radiate the friction heat 
and to discharge the wear powder to an external space at the clutch outer side. For example, 
this constitution is advantageous in the arrangement that defines a large space at the clutch 
outer side. 

[0014] According to a third aspect of the present invention, the fins are formed on the 
pressure plate. By forming the fins on the pressure plate, it is possible to radiate the friction 
heat and to discharge the wear powder to an external space at the pressure plate side. For 
example, this constitution is advantageous in the arrangement that defines a large space at the 
pressure plate side. 

[0015] According to a fourth aspect of the present invention, the clutch outer and the 
pressure plate are disposed outside a crankcase of an engine. By disposing the clutch outer 
and the pressure plate outside the crankcase of the engine, it is possible to arrange the whole 
clutch in a spaced-apart manner from the crankcase of the engine. As a result, it is possible to 
make the dry multi-disc clutch have the structure that hardly receives the influence of the heat 
from the engine. 

[0016] According to a fifth aspect of the present invention, the fins are formed into a fin 
shape with which the fins constitute either an axial fan or a centrifugal fan. By constituting 
the axial fan using the fins, it is possible to enhance the radiation of heat when the clutch 
outer or the pressure plate is rotated at a low speed. Further, by constituting the centrifugal 
fan using the fins, it is possible to enhance the radiation of heat when the clutch outer or the 
pressure plate is rotated at a high speed. 

[00 1 7] According to a sixth aspect of the present invention, the fins are formed at the clutch 
outer side into the fin shape with which the fins constitute the axial fan. It is generally known 
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that the axial fan exhibits the favorable air discharge efficiency at the time of low-speed 
rotation and hence, by forming the fins at the clutch outer side into the fin shape with which 
the fins constitute the axial fan, it is possible to enhance the radiation of heat when the clutch 
outer is rotated at a low speed. That is, the clutch outer is a member which is always rotated 
during starting of the engine and hence, it is possible to enhance the radiation of heat of the 
inside of the clutch particularly at the time of idling when the engine is rotated at a low speed. 
[0018] According to a seventh aspect of the present invention, the fins are formed at the 
pressure plate side into the fin shape with which the fins constitute the centrifugal fan. It is 
generally known that the centrifugal fan exhibits the favorable air discharge efficiency at the 
time of high-speed rotation and hence, by forming the fins at the pressure plate side into the 
fin shape with which the fins constitute the centrifugal fan, it is possible to enhance the 
radiation of heat when the pressure plate is rotated at a high speed. That is, the pressure plate 
is rotated during cruising and hence, it is possible to enhance the radiation of heat of the 
inside of the clutch particularly during cruising when the engine is rotated at a high speed. 
[00 1 9] For a more complete understanding of the present invention, the reader is referred to 
the following detailed description section, which should be read in conjunction with the 
accompanying drawings. Throughout the following detailed description and in the drawings, 
like numbers refer to like parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 is a left side view of a motorcycle that adopts an embodiment of an 
accessory-use cover structure according to the present invention. 

[0021] Figure 2 is an enlarged side view of the accessory-use cover structure of the 
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motorcycle according to the present invention. 

[0022] Figure 3 is a front view of an overcover of the accessory-use cover structure of the 
motorcycle according to the present invention. 

[0023] Figure 4 is a cross-sectional view taken along a line 4-4 in Fig. 3. 

[0024] Figure 5 is a cross-sectional view taken along a line 5-5 in Fig. 2. 

[0025] Figure 6 is a right side view of an engine that arranges an embodiment of a dry 

multi-disc clutch according to the present invention. 

[0026] Figure 7 is a cross-sectional view taken along a line 7-7 in Fig. 6. 

[0027] Figure 8 is a view as viewed in an arrow direction indicated by 8 in Fig. 7. 

[0028] Figure 9 is a view as viewed in an arrow direction indicated by 9 in Fig. 7. 

[0029] Figures 10(a), 10(b) are operation explanatory views of the dry multi-disc clutch 

according to the present invention. 

[0030] Figure 1 1 is a view reproducing Fig. 3 of Japanese Patent Publication 2864396. 



DESCRIPTION OF THE INVENTION 

[0031] Figure 1 is a left side view of a motorcycle that adopts the accessory-use cover 
structure according to the present invention. The motorcycle 10 constitutes a vehicle that has 
a following constitution. A pair of left and right body frames (main frames) 12, 12 that 
constitute a vehicle body extend in the downward oblique direction toward a rear portion of 
the vehicle body from a head pipe 1 1 (only the symbol which indicates the body frame 12 at a 
viewer side shown on the drawing). A V-type 5-cylinder engine 13 (hereinafter abbreviated 
as "engine 13") is mounted on lower portions of the body frames 12, 12 and, at the same time, 
a swing arm 15 is mounted on rear portions of the body frames 12, 12 by means of a pivot 
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shaft 14 such that the swing arm 15 is swingable upwardly and downwardly. An upper end of 
a rear cushion unit 16 is mounted on a front upper portion of the swing arm 15 and, at the 
same time, a rear wheel 17 is mounted on a rear end portion of the swing arm 15. A lower 
end of the rear cushion unit 16 is mounted on a rear lower end portion of the body frame 12 
by way of a link device 18. Exhaust pipes 23 to 25 which are provided for respective 
cylinders are extended rearwardly from cylinder heads 21 mounted on a front side of the 
engine 13 and these exhaust pipes 23 to 25 are once merged and, thereafter, are connected to 
a left muffler 26 at a viewer side on the drawing. Exhaust pipes 31, 32 that are provided for 
respective cylinders are extended rearwardly from cylinder heads 28 mounted on a rear side 
of the engine 1 3 and these exhaust pipes 3 1 ,32 are once merged and, thereafter, are connected 
to a rear muffler 33 mounted on the rear portion of the vehicle body. A seat cowl 34 which 
also functions as a seat is extended rearwardly from upper portions of the body frames 12, 12 
and a fuel tank 35 is mounted on the inside of the seat cowl 34. 

[0032] Here, the engine 13 is configured such that a throttle body assembly 38 is mounted 
between the cylinder heads 21, 28. In the drawing, numeral 41 indicates a front fork which is 
rotatably mounted on the head pipe 11, numeral 42 indicates a front wheel mounted on a 
lower end of the front fork 41, numeral 43 indicates a front fender which covers the front 
wheel 42 from above, numeral 44 indicates an upper cowl, numeral 45 indicates a middle 
cowl, numeral 46 indicates a lower cowl, numeral 48 indicates a radiator and numeral 49 
indicates a tank cover. 

[0033] Fig. 2 is a side view of an accessory-use cover structure of the motorcycle according 
to the present invention. In the accessory-use cover structure 50 of the motorcycle, a 
crankshaft 52 which constitutes a power shaft is rotatably supported on a crankcase 5 1 of the 
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engine 13 and a rotor 54 side of an AC generator 53 which constitutes an accessory is 
mounted on the crankshaft 52. Further, a stator 55 of the AC generator 53 is mounted on the 
crankcase 51. The AC generator 53 is covered with a cover 56 and an overcover 57 is 
attached to the cover 56. 

[0034] Figure 3 is a front view of the overcover which is adopted by the accessory-use 
cover structure of the motorcycle according to the present invention and Fig. 4 is a 
cross-sectional view taken along a line 4-4 in Fig. 3. 

[0035] The overcover 57 includes an overcover body 58 and mounting holes 59 formed in 
the overcover body 58 for enabling fastening of the overcover 57 to the cover 56 (see Fig. 2) 
and is formed of resin by molding. That is, by adopting the resin-made overcover 57, it is 
possible to realize a light-weight overcover 57. As a result, it is possible to suppress the 
increase of weight of the vehicle body to a minimum. 

[0036] Figure 5 is a cross-sectional view taken along a line 5-5 in Fig. 2 and shows the inner 
structure of the accessory-use cover structure 50 of the motorcycle. The crankshaft 52 is 
arranged in the widthwise direction of the body frames (vehicle body) 12 and numeral 56 
indicates a member which is formed in a bowl shape for defining a recessed portion 61 in the 
inside thereof. 

[0037] Further, the overcover 57 is shown in a state that the overcover 57 is fixed to the 
cover 56 by bolts 62 (only one bolt shown in the drawing) while ensuring a given gap S with 
respect to the cover 56. 

[0038] In the drawing, numeral 64 indicates a piston of the engine 13, numeral 65 indicates 
a connecting rod of the engine 13, numeral 66 indicates bolts for fixing the stator 55 of the 
AC generator 53 to the crankcase 51, and numeral 67 indicates bolts for fixing the rotor 54 of 



8 



the AC generator 53 to the crankshaft 52. 

[0039] With the accessory-use cover structure 50 of the motorcycle, it is understood that in 
the motorcycle 10 (see Fig. 1) which mounts the engine 13 on the body frames (vehicle body) 
12, mounts the AC generator (accessory) 53 on one end of the crankshaft (power shaft) 52 
which transmits power to the rear wheel 17 (see Fig. 1) from the engine 13, and covers the 
AC generator 53 with the cover 56, the overcover 57 which covers a surface of the cover 56 is 
attached to the cover 56. 

[0040] For example, in an engine of a type in which the engine is a multi-cylinder engine 
and an accessory is mounted on one end of a power transmission shaft or a power shaft of the 
engine, a crankcase has the large-width structure and hence, flaws or the like are liable to be 
generated on a cover which covers the accessory. Accordingly, it is preferable to adopt the 
structure that can easily cope with the generation of flaws or the like. 
[0041] Accordingly, the overcover 57 that covers the surface of the cover 56 is attached to 
the cover 56. By attaching the overcover 57 that covers the surface of the cover 56 to the 
cover 56, it is possible to protect the cover 56 and to prevent the cover 56 from being 
damaged during storage. Further, when flaws are generated on the overcover 57, it is 
possible to perform a repairing operation by merely exchanging only the overcover 57 that is 
relatively cheap. 

[0042] The accessory-use cover structure 50 of the motorcycle may be also understood as 
the structure in which the overcover 57 is mounted on the cover 56 with a given gap S 
therebetween. 

[0043] By mounting the overcover 57 on the cover 56 with the given gap S therebetween, 
when the heat is generated from the cover 56 side, for example, it is possible to interrupt the 
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heat transmitted from the cover 56. Further, it is also possible to introduce a cruising wind 
into the given gap S, whereby it is possible to enhance the radiation of the heat generated by 
the cover 56 without damaging the ventilating property. 

[0044] Further, the accessory-use cover structure 50 of the motorcycle may be also 
understood as the structure which forms the recessed portion for reducing the operating 
sound generated from the AC generator (accessory) 53 in the inside of the cover 56. 
[0045] By forming the recessed portion 6 1 which can reduce the operating sound generated 
by the AC generator 53 in the inside of the cover 56, it is possible to make the operation of the 
motorcycle 10 (see Fig. 1) relatively quiet or silent. 

[0046] Still further, the accessory-use cover structure 50 of the motorcycle may be also 
understood as the structure which arranges the crankshaft (the power shaft) 52 in the 
widthwise direction of the body frames (vehicle body) 12. 

[0047] By arranging the crankshaft 52 in the widthwise direction of the body frames 12, it 
is possible to arrange the AC generator (accessory) 53 at the left end portion or the right end 
portion of the body frames (vehicle body) 12. As a result, the maintenance performance of 
the AC generator 53 can be enhanced and, at the same time, it is possible to design the vehicle 
such that a total length of the vehicle can be shortened. 

[0048] Next, a dry multi-disc clutch 70 which is arranged at the right side of the motorcycle 
10 (see Fig. 1) is explained. Figure 6 is a right side view of the engine that arranges the dry 
multi-disc clutch according to the present invention, wherein Fr indicates a front side of the 
vehicle and Rr indicates a rear side of the vehicle. 

[0049] The dry multi-disc clutch 70 is a member which is interposed between a primary 
gear 72 which is connected to the crankshaft 52 by way of a drive gear 71 and constitutes a 
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drive side and a main shaft 73 which constitutes a driven side so as to transmit the power 
from the crankshaft 52 to the main shaft 73 (a connected state) or to cut off the transmission 
of the power from the crankshaft 52 (a separated state). 

[0050] In the drawing, numeral 74 indicates a cylinder block, numeral 76 indicates an oil 
pan, numeral 77 indicates an oil filter, numeral 78 indicates a valve open/close gear which is 
mounted on the crankshaft 52, numeral 79 indicates a governing gear which governs 
open/close timings of a valve (not shown in the drawing), numeral 81 indicates a first gear 
which is meshed with the governing gear 79, numeral 82 indicates a second gear which is 
meshed with the first gear 81 and numeral 83 indicates a timing gear which opens or closes 
the valve (not shown in the drawing). 

[0051] Figure 7 is a cross-sectional view taken along a line 7-7 in Fig. 6 and shows a cross 
section of the dry multi-disc clutch. The dry multi-disc clutch 70 is a mechanism which is 
substantially constituted of a primary gear 72 which transmits power of the crankshaft 52, a 
clutch outer 85 at the drive side which is in a spline engagement with the primary gear 72, a 
plurality of drive-side friction discs 86 which are engaged with the clutch outer 85 as friction 
discs, driven-side friction discs 87 which are alternately overlapped to these drive-side 
friction discs 86 as friction discs, a clutch center 88 at the driven side with which the 
driven-side friction discs 87 are engaged, the main shaft 73 on which the clutch center 88 is 
mounted, and a pressure plate 89 which enables the transmission of power from the clutch 
outer 85 to the clutch center 88 by pushing the drive-side friction discs 86 and the driven-side 
friction discs 87, a clutch center guide 91 which regulates the axial movement of the clutch 
center 88 by being engaged with the main shaft 73, a diaphragm spring 92 which is 
interposed between the clutch center guide 91 and the pressure plate 89 so as to bias the 
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pressure plate 89 toward the clutch outer 85 side, a clutch lifter plate 93 which is integrally 
mounted on the pressure plate 89, and a clutch cover 94 which covers the clutch lifter plate 
93. 

[0052] The dry multi-disc clutch 70 is usually held in a transmission state (a clutch 
connected state) by biasing the pressure plate 89 to the clutch outer 85 side using the 
diaphragm spring 92 so as to bring the drive-side friction discs 86 and the driven-side friction 
discs 87 in close contact with each other. Further, to bring the dry multi-disc clutch 70 into a 
power non-transmission state (a clutch separated state), a hydraulic pressure is applied to a 
lifter 96 through a penetrating portion 95 formed in the main shaft 73 thus making the lifter 
96 move the pressure plate 89 toward the clutch cover 94 side. Accordingly, the pressure of 
the pressure plate 89 which is applied to the drive-side friction discs 86 and the driven-side 
friction discs 87 is reduced and hence, a slip is generated between the drive-side friction discs 
86 and the driven-side friction discs 87. 

[0053] The dry multi-disc clutch 70 is understood as a clutch that arranges the clutch outer 
85 and the pressure plate 89 outside the crankcase 51 of the engine 13. By arranging the 
clutch outer 85 and the pressure plate 89 outside the crankcase 51 of the engine 13, it is 
possible to arrange the whole clutch in a spaced-apart manner from the crankcase 5 1 of the 
engine 13. As a result, the dry multi-disc clutch 70 can have the structure that hardly receives 
the influence of the heat transmitted from the engine 13. 

[0054] In the drawing, numeral 99 indicates an oil seal which seals the crankcase 5 1 and the 
clutch outer 85, numeral 101 indicates a bearing which rotatably mounts the main shaft 73 
therein, numeral 102 indicates a damper which attenuates a shock at the time of connecting 
the clutch by interposing the primary gear 72, numeral 103 indicates bolts for mounting the 



12 



drive gear 71 on the crankshaft 52, numeral 104 indicates an oil seal which seals the clutch 
outer 85 and the clutch center 88, numeral 105 indicates a support portion which is formed on 
the clutch center 88 for supporting the diaphragm spring 92, numerals 106, 107 are 
ventilation holes which are formed in the clutch center 88 for allowing a flow of air 
therethrough, numeral 108 indicates a nut which supports the clutch center guide 91 on the 
main shaft 73, and numeral 109 indicates a bolt which fastens the clutch cover 94 to the 
crankcase 51 side. 

[0055] Figure 8 is a view as viewed in an arrow direction indicated by 8 in Fig. 7 and is also 
a plan view of the clutch outer 85 of the dry multi-disc clutch 70 (see Fig. 7). The clutch 
outer 85 includes an approximately cylindrical body portion 1 1 1 which houses a plurality of 
drive-side friction discs 86 (see Fig. 7), a spline portion 112 which is fitted in the primary 
gear 72 (see Fig. 7), a plurality of openings 113 which enable the communication of air, a 
plurality of fins 1 14 which enhance the flow of air through these openings 113, and a plurality 
of fitting portions 1 15 which allow fitting of the drive-side friction discs 86 therein. 
[0056] In other words, the clutch outer 85 is understood as the structure which forms an 
axial fan 1 1 7 in which a plurality of openings 1 1 3 which are inclined with respect to a bottom 
116 of the approximately cylindrical body portion 111 are formed and leaves a plurality of 
fins 1 14 and hence, it is possible to increase an inflow quantity of air at a low speed rotation 
and, at the same time, it is possible to enhance the flow of air from the inside of the body 
portion 1 1 1 to the outside. 

[0057] That is, by forming the fins 1 14 on the clutch outer 85, it is possible to radiate the 
friction heat in a space defined between the clutch outer 85 and the crankcase 51 and, at the 
same time, it is possible to discharge wear powder. For example, this structure becomes 
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advantageous in an arrangement that provides a large space at the clutch outer 85 side. 
[0058] Further, by forming the fins 114 at the clutch outer 85 side into a fin shape with 
which the axial fan 117 is formed, it is possible to enhance the radiation of heat when the 
clutch outer 85 is rotated at a low speed. It is generally known that an axial fan exhibits 
favorable air discharge efficiency-at the time of low-speed rotation. The clutch outer 85 is a 
member that is always rotated during the starting of engine 13 (see Fig. 1) and can enhance 
the radiation of heat of the dry multi-disc clutch 70 particularly at the time of idling in which 
the engine 13 is rotated at a low speed. 

[0059] Figure 9 is a view as viewed in an arrow direction indicated by 9 in Fig. 7 and is also 
a plan view of the pressure plate 89 of the dry multi-disc clutch 70. The pressure plate 89 
includes an approximately ring-like body portion 121, a receiving portion 122 that is formed 
in an inner periphery of the body portion 121 for receiving the diaphragm spring 92, a 
plurality of passages 123 which enable the communication of air, and a plurality of fins 124 
which enhance the flow of air through these passages 123. 

[0060] In other words, the clutch center 88 is understood as the structure which forms a 
centrifugal fan 127 capable of increasing an inflow quantity of air at a high speed rotation and, 
at the same time, capable of enhancing the flow of air in the direction from the inner 
periphery to an outer periphery of the body portion 121 by adopting the structure in which a 
plurality of passages 123 are formed in the approximately ring-like body portion 121 in an 
inclined manner with respect to the radial direction while leaving a plurality of fins 124. 
[0061] That is, by forming the fins 124 on the pressure plate 89, it is possible to radiate the 
friction heat in an outer space defined at the pressure plate 89 side and, at the same time, it is 
possible to discharge wear powder. For example, this structure becomes advantageous in an 



14 



arrangement that provides a large space at the pressure plate 89 side. 
[0062] Further, by forming the fins 124 at the pressure plate 89 side into a fin shape with 
which the centrifugal fan 127 is formed, it is possible to enhance the radiation of heat when 
the pressure plate 89 is rotated at a high speed. It is generally known that a centrifugal fan 
exhibits favorable air discharge efficiency at the time of high-speed rotation. The pressure 
plate 89 is rotated during cruising and can enhance the radiation of heat of the dry multi-disc 
clutch 70 particularly at the time of cruising in which the engine 13 (see Fig. 1) is rotated at a 
high speed. 

[0063] The manner of operation of the dry multi-disc clutch 70 described above is 
explained hereinafter. Figures 10(a), (b) are operation explanatory views of the dry 
multi-disc clutch according to the present invention, wherein Fig. 10(a) shows one example 
of the air flow when the dry multi-disc clutch 70 is in the separated state and Fig. 10(b) shows 
one example of the air flow when the dry multi-disc clutch 70 is in the connected state. 
[0064] In Fig. 10(a), the dry multi-disc clutch 70 is in the separated state and hence, the 
primary gear 72 and the clutch outer 85 are rotated, while the drive-side friction discs 86, the 
driven-side friction discs 87, the clutch center 88, the pressure plate 89, the clutch lifter plate 
93 and the main shaft 73 are stopped. 

[0065] Accordingly, it is possible to expect the airflow generated by the axial fan 1 17 (see 
Fig. 8) formed on the clutch outer 85. That is, since the dry multi-disc clutch 70 is in the 
separated state, it is possible to make the air flow into the dry multi-disc clutch 70 through 
gaps between the drive-side friction discs 86 and the driven-side friction discs 87 as indicated 
by arrows al, a2 and to make the air flow out from the dry multi-disc clutch 70 through the 
openings 113. At the same time, it is possible to make the air flow into the dry multi-disc 
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clutch 70 through the passages 123 of the pressure plate 89 in the stopped state as indicated 
by arrows a3, a4. 

[0066] Here, the dry multi-disc clutch 70 being in the separated state means the idling state 
in which engine 13 (see Fig. 1) is rotated at a low speed. Since the axial fan 1 17 (see Fig. 8) 
which can increase an inflow quantity of air at the low-speed rotation and can enhance the 
flow of air from the inside to the outside of the body portion 1 1 1 can be formed on the clutch 
outer 85, it is possible to enhance the radiation of heat of the dry multi-disc clutch 70 at the 
time of idling. 

[0067] In Fig. 10(b), the dry multi-disc clutch 70 is in the connected state and hence, all of 
the primary gear 72, the clutch outer 85, the drive-side friction discs 86, the driven-side 
friction discs 87, the clutch center 88, the pressure plate 89, the clutch lifter plate 93 and the 
main shaft 73 are being rotated. 

[0068] Firstly, due to the axial fan 1 17 (see Fig. 8) which is formed on the clutch outer 85 
and the centrifugal fan 127 (see Fig. 9) which is formed on the pressure plate 89, it is 
considered that the large negative pressure is generated in the inside of the dry multi-disc 
clutch 70. Secondly, the dry multi-disc clutch 70 being in the connected state means that the 
motorcycle (vehicle) 10 is cruising and hence, it is possible to expect the heat radiation effect 
generated by a cruising wind during cruising. 

[0069] That is, by making use of the negative pressure and the cruising wind, it is possible 
to discharge the air which is made to flow into the dry multi-disc clutch 70 through gaps 
between the parts such as the clutch outer 85, the clutch center 88, the pressure plate 89 or the 
like as indicated by an arrow bl from the openings 113 formed in the clutch outer 85 as 
indicated by an arrow b2 and, at the same time, it is possible to discharge the air which is 



16 



made to flow into the dry multi-disc clutch 70 as indicated by the arrow bl from the passages 
123 formed in the pressure plate 89 as indicated by arrows b3 5 b4. 

[0070] When the dry multi-disc clutch 70 is in the connected state, the axial fan 117 (see 
Fig. 8) can be formed in the clutch outer 85 and hence, it is possible to enhance the radiation 
of heat during the low-speed cruising of the vehicle and, at the same time, the centrifugal fan 
127 (see Fig. 9) can be formed on the pressure plate 89 and hence, it is possible to enhance 
the radiation of heat during the high-speed cruising of the vehicle. As a result, it is possible to 
rapidly discharge or expel the friction heat and the wear powder that is generated from the 
drive-side friction discs 86 and/or the driven-side friction discs 87 when the dry multi-disc 
clutch 70 is connected. 

[0071] That is, the dry multi-disc clutch 70 is understood as the structure in which a 
plurality of friction discs 86, 87 are interposed between the drive-side clutch outer 85 and the 
driven-side clutch center 88 and power is transmitted from the clutch outer 85 to the clutch 
center 88 by pushing these friction discs 86, 87 using the pressure plate 89, wherein the fins 
1 14, 124 which enhance the flow of air are formed on the clutch outer 85 and the pressure 
plate 89 and, at the same time, openings 1 13 or passages 123 which allow the communication 
of air are formed in the clutch outer 85 and the pressure plate 89. 

[0072] For example, the efficient radiation of the friction heat which is generated when the 
clutch is connected and the heat that is transmitted from the engine and the discharge of the 
wear powder that is generated when the clutch is connected are desirable to stabilize the 
clutch performance. 

[0073] Accordingly, the fins 1 14, 124 that enhance the flow of air are formed on the clutch 
outer 85 and the pressure plate 89 and, at the same time, the openings 1 13 or the passages 123 
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which enable the communication of air are formed in the clutch outer 85 and the pressure 
plate 89. 

[0074] That is, by forming the fins 114, 124 which enhance the flow of air on the clutch 
outer 85 and the pressure plate 89 and, at the same time, by forming the openings 1 13 or the 
passages 123 which enable the communication of air in the clutch outer 85 and the pressure 
plate 89, it is possible to efficiently radiate the friction heat which is generated when the dry 
multi-disc clutch 70 is connected and the heat which is transmitted from the engine 13 (see 
Fig. 1) and, at the same time, it is possible to discharge the wear powder which is generated 
when the dry multi-disc clutch 70 is connected. As a result, it is possible to ensure the 
stabilization of the clutch performance. 

[0075] Here, in the above-mentioned embodiment, as shown in Fig. 5, the explanation has 
been made with respect to the case in which the AC generator is used as the accessory. 
However, the accessory is not limited to the AC generator and includes the general auxiliary 
machines. As a result, it is possible to expand the degree of freedom of the layout of the 
accessory. 

[0076] Also, in the above-mentioned embodiment, as shown in Fig. 5, the explanation has 
been made with respect to the case in which the overcover 57 is the cover which covers the 
cover 56 of the AC generator 53. However, the overcover 57 is not limited to such a cover 
and may be mounted on a clutch cover of the dry multi-disc clutch 70 shown in Fig. 7 or the 
like. 

[0077] In the embodiment, as shown in Fig. 5, the AC generator 53 is mounted on one end 
of the crankshaft (the power shaft) 52. However, mounting of the AC generator 53 is not 
limited to such a mode and the AC generator 53 may be mounted on one end of a power 
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transmission shaft that transmits power from the power shaft to the rear wheel. 

[0078] In the embodiment, as shown in Fig. 1, the vehicle that mounts the dry multi-disc 

clutch 70 is the motorcycle 10. However, the vehicle is not limited to the motorcycle and 

may be a two-wheeled vehicle, a three-wheeled vehicle or a four-wheeled vehicle. 

[0079] In the embodiment, as shown in Fig. 8 and Fig. 9, the fins 1 14 formed on the clutch 

outer 85 are formed into the axial fan 1 17 and the fins 124 formed on the pressure plate 89 are 

formed into the centrifugal fan 127. However, the present invention is not limited to such an 

embodiment and the fins formed on the clutch outer may be formed into a centrifugal fan and 

the fins formed on the clutch center may be formed into an axial fan. 

[0080] Further, both of the fins formed on the clutch outer and the fins formed on the clutch 

center may be formed into centrifugal fans or both of the fins formed on the clutch outer and 

the fins formed on the clutch center may be formed into axial fans. 

[0081] That is, in forming the fins into the fin shape with which the axial fan or the 
centrifugal fan is constituted, by forming the fins which constitute the axial fan, it is possible 
to enhance the radiation of heat when the clutch outer or the pressure plate is rotated at the 
low speed. Further, by forming the fins that constitute the centrifugal fan, it is possible to 
enhance the radiation of heat when the clutch outer or the pressure plate is rotated at the high 
speed. 

[0082] Due to the above-mentioned constitutions, the present invention exhibits following 
advantageous effects. According to the first aspect of the present invention, by forming the 
fins which enhance the flow of air on the clutch outer and/or the pressure plate and, at the 
same time, by forming openings or passages which allow the communication of air in the 
clutch outer and the pressure plate, it is possible to efficiently radiate the friction heat which 
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is generated when the clutch is connected and the heat transmitted from the engine and, at the 
same time, it is possible to discharge the wear powder which is generated when the clutch is 
connected. As a result, it is possible to stabilize the clutch performance. 
[0083] According to the second aspect of the present invention, by forming the fins on the 
clutch outer, it is possible to radiate the friction heat and to discharge the wear powder to an 
external space at the clutch outer side. For example, this constitution is advantageous in the 
arrangement that defines a large space at the clutch outer side. 

[0084] According to the third aspect of the present invention, by forming the fins on the 
pressure plate, it is possible to radiate the friction heat and to discharge the wear powder to an 
external space at the pressure plate side. For example, this constitution is advantageous in the 
arrangement that defines a large space at the pressure plate side. 

[0085] According to the fourth aspect of the present invention, by disposing the clutch 
outer and the pressure plate outside the crankcase of the engine, it is possible to arrange the 
whole clutch in a spaced-apart manner from the crankcase of the engine. As a result, it is 
possible to make the dry multi-disc clutch have the structure that hardly receives the 
influence of the heat transmitted from the engine. 

[0086] According to the fifth aspect of the present invention, by forming the fins into a fin 
shape with which the fins constitute the axial fan or the centrifugal fan, it is possible to 
enhance the radiation of heat when the clutch outer or the pressure plate is rotated at a low 
speed. Further, by forming the fins into a fin shape with which the fins constitute the 
centrifugal fan, it is possible to enhance the radiation of heat when the clutch outer or the 
pressure plate is rotated at a high speed. 

[0087] According to the sixth aspect of the present invention, by forming the fins at the 
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clutch outer side into the fin shape with which the fins constitute the axial fan, it is possible to 
enhance the radiation of heat when the clutch outer is rotated at a low speed. That is, the 
clutch outer is a member which is always rotated during starting of the engine and hence, it is 
possible to enhance the radiation of heat in the inside of the clutch particularly at the time of 
idling when the engine is rotated at a low speed. 

[0088] According to the seventh aspect of the present invention, by forming the fins at the 
pressure plate side into the fin shape with which the fins constitute the centrifugal fan, it is 
possible to enhance the radiation of heat when the pressure plate is rotated at a high speed. 
That is, the pressure plate is rotated during cruising and hence, it is possible to enhance the 
radiation of heat in the inside of the clutch particularly during cruising when the engine is 
rotated at a high speed. 

[0089] Although the present invention has been described herein with respect to a specific 
illustrative embodiment thereof, the foregoing description is intended to be illustrative, and 
not restrictive. Those skilled in the art will realize that many modifications of the 
embodiment could be made within the spirit and essence of the invention. All such 
modifications are intended to be within the scope of the present invention as claimed. 
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